Abstract. The native biodiversity and integrity of riverine ecosystems are dependent on the natural flow regime. Maintaining the natural variability of flow in regulated river is the most important principle for the operation and management of environmental flow (e-flow). However, climate change has altered the natural flow regime of rivers. Flow regime alteration is regarded as one major cause leading to the degradation of riverine ecosystems. It is necessary to incorporate the impacts of climate changes into e-flow management. To provide scientific target for e-flow management, the assessment method for flow regime alteration is developed. We analyze the alteration of hydrological indicator under climate change. This study has selected the commonly used Indicators of Hydrologic Alteration (IHAs) to describe the various aspects of flow regimes. To assess the alteration degree of each IHA in regulated river under climate change, GCM is used to generate feasible future climate conditions and hydrological model is used generate flow of river from those future weather conditions. Then the values of IHAs are derived from historical and simulated flow data. The relationship between IHA and climate variable is analyzed based on analysis method. The IHA, which is more influenced by the climate variables, can be selected for the preparation of reservoir operation.
Introduction
Analysis of the alteration of natural flow regime is based on appropriate hydrological indicators to quantitatively describe the characteristics of river inflow at different time scales. Now, there are nearly 170 hydrological indicators which have been used to assess flow regime alteration [1] . Early the hydrological deviation method for flow regime alteration assessment is mainly to reflect the difference between the measured flow rate and the natural flow. The method contains too little hydrological information and basically does not reflect the ecological information. Then with the continuous development of ecological hydrology, a large number of eco-hydrology indicators have been developed. Flow-duration curves (FDC) are widely used in flow regime alteration assessment and it could directly reflect the alteration [2] . Based on FDC, Homa et al [3] introduce introduces the concept of 'Ecodeficit' and 'Ecosurplus' to evaluate the flow regime alteration at different time scales and the related ecological impacts. These methods are simple and easy to operate, but they cannot fully reflect all five aspects of flow regime (magnitude, duration, timing, frequency and rate of change). To solve this problem, Richter et al [4] established a set of Indicators of Hydrologic Alteration (IHA) to assess the flow regime alteration before and after interference of climate change and human activity. Currently, IHA is the most widely used method in the world [5, 6] . The 32 IHAs are categorized by five groups of hydrological features, that is, flow magnitude, duration, timing, frequency and rate of change.
Climate change is one of the main drivers of flow regime alteration in the river and it is affecting the rivers around the world [7, 8] . Due to human activity, increasing greenhouse gas emissions will lead to global warming [9] . The rise in temperature will inevitably lead to an increase in the rate of snow melting and evapotranspiration, and finally change the flow regime [10] . At present, the change of the natural flow regime induced by climate change has aroused more and more extensive attentions. Scholars in the related fields all over the world have carried out a lot of research to assess the changes of hydrological indicators in different future climate scenarios and their effects on the river ecosystem.
In this study, a group of commonly used indicators (Indicators of Hydrologic Alteration, IHA) were selected to explore the impact of climate change on flow regime. First, the large-scale climatic factors (from the climate simulation model) were downscaled to low-resolution and regional scale climatological factor data. The regional climatic factor data were imported into the hydrological model to obtain inflow for the study area. The multiple technologies are further used to explore the changes in hydrological indicators in different climate scenarios. The overall target of this study is to quantify the value of ecological hydrological indicators and their changes in climate change.
Methodology
Weather generator module. This study selected a typical global climate model ECHAM as the atmospheric circulation model (GCM) to generate basic information on large-scale climate predictors in future climate scenarios. The detail information of ECHAM can be seen in Table 1 . Emission scenarios A2 (high greenhouse gas emission scenarios) and B1 (low greenhouse gas emission scenarios) are selected. Table 2 lists the variables in the global climate model (ie, candidate forecast factors). In this study, the daily rainfall, maximum temperature and minimum temperature were chosen as the forecasting factors. The future meteorological factor prediction is achieved by the above-established statistical relationship and the large-scale climate prediction factor generated by the ECHAM climate model. There are some small differences in the statistical reduction of rainfall, maximum temperature and minimum temperature. The statistical downscaling model is a decision support tool based on the Windows interface, research area and local climate change impact established by Wilby et al [11] . The model combines the weather generator and multiple linear regression techniques, which is a hybrid statistical descent method and is widely used in related climate change research. Hydrologic simulation module. Compared with other hydrological models, distributed hydrological models are often used for runoff forecasting. VMOD, because of its open source, with a certain physical meaning and parameterization process relatively clear, is widely used in the world. At present, it is possible to simulate the impact of climate change on hydrological cycles and runoff output [12] . So in this study we use the VMOD hydrological model to do runoff simulation. The basic data of the research area to be established in this study are obtained through field survey, site collection and literature review. Assessment of the IHA's alteration. The IHAs used in this paper are shown in 
Study area
Taizi River Basin (longitude 122°30'-124°50'; latitude 40°30'-41°40') is located in the eastern part of Liaoning Province, and the basin area is 1.4 × 10 4 km 2 . It belongs to the mid-latitude region, affected by climate change is more significant. The total length is 413 km. Taizi River Basin is the industrial and agricultural production base of Liaoning Province, which has important research value.
Results and discussion
Future climate character analysis. Based on NECP and ECHAM, the daily rainfall, minimum temperature and maximum temperature data of Liaoyang station in Taizi River reference It can be seen from Figure 1 that, in the A2 scenario ( high greenhouse gas emission) or in the B1 scenario (low greenhouse gas emissions), compared with the precipitation in the reference period 1900-1959, the precipitation in the Liaoyang station has changed from three periods of time 2011-2040, 2041-2070 and 2071-2001. The range of variation is -90% ~ 425%. In the A2 scenario, the average monthly precipitation in Liaoyang station was lower than the mean value during the period of 2011-2040; 2041 -2070 and 2071-2100 were drastically changed compared with the base period. It can be seen that the difference between the months of the A2 scenario is large. In the case of B1 scenario, the mean change is smaller than that of the A2 scenario, -80% to 369%. Figure 1 (c) and (d) describe the monthly standard deviation of precipitation (Cv) for the next three periods in both A2 and B1 scenarios. The magnitude of the change is relatively large, indicating that the deviation from the base period of the degree of large. Figure 1 (e) and (f) describe the skewness coefficient (Cs) of precipitation, which shows that all scenarios show a positive partial distribution (Cs> 0). The skewness coefficient is greater than 0, because the mean is in the right of the public. It is a right partial distribution, also known as positive bias. The variability of IHA is measured by the target range bracketed by the 25th-and 75th-percentile values of the target of 32 IHAs. For each IHA indicator, the 25th and 75th percentile of the hydrological disturbance determines the target range of the indicator, and the frequency change of the IHA sequentially can be quantified by comparing the number of years falling within the target range before and after the disturbance . The results are shown in Figure 2 . It can be seen from the figure that the change of 18 indicators in A2 scenario is higher than that in B1 scenario, which indicates that the impact of A2 scenario on ecological hydrological indicators is more B2. The change degree of which is TMIM (the date of daily minimum daily flow) is the biggest change, indicating that climate change has a great influence on the date of daily minimum daily flow. 
Conclusions
In this study, the commonly used Indicators of Hydrologic Alteration (IHAs) is adopted to describe the various aspects of flow regime. GCM is used to generate feasible future climate conditions and hydrological model is used generate flow of river from those future weather conditions. Then the value of IHAs are derived from historical and simulated flow data. The alteration of each IHA under different climate change scenarios is determined. The IHA, which is more influenced by the climate variables, can be selected for the preparation of reservoir operation.
